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activity  rates,  to  sustain  such  rates  and  to  do  so  with  the  most  econom¬ 
ical  use  of  scarce  resources  possible,  (2)  assess  the  impact  of  advancing 
technology  on  the  recommended  approaches  and  guidelines,  and  (3)  evaluate 
the  potential  and  recommend  strategies  that  might  result  in  quantum  in¬ 
creases  in  R&M  or  readiness  through  innovative  uses  of  advancing  technology 
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SINGER-KEAAFOTT 
Attachment  11 


HARRANTT  TERMS  AND  CONDITIONS 


PART  I 


Statement  of  Warrant} 


1.  Notwithstanding  Government  inspection  and  acceptance  of  supplies 
and  services  furnished  under  this  contract  or  any  provisions  of  this  contract 
concerning  the  conclusiveness  thereof,  the  Contractor  warrants  that  each 
Lightweight  Doppler  Navigation  System  AN/ASN-128 (XE-2) ,  consisting  of: 

Roceivas-Transaittar-Antenna,  Radar  RT-1193  (XE-2J/ASN-128, 

Computer  Diaplay  Unit  CP-1252 (XE-2J/ASN-128,  and 
Converter,  Signal  Data,. Radar  CV-3338 (XE-2 ) /ASN-128 , 

(hereinafter  referred  to  ae  Units)  furnished  under  this  contract  will  be  free 
from  defects  in  material,  workmanship,  and  design  and  will  operate  in  its 

~  .  -  i  - - 

intended  environment  in  accordance  with  contractual  specifications  of  this 
contract  for  the  warranty  period  sat  forth  herein  and  as  it  may  be  renewed 
under  the  provialona  hereof.  This  warranty  is  in  addition  to  and  does  not 
affect  or  limit  the  Government's  rights  under  any  other  provision  of  this 
contract. 

2.  Any  Unit  furnished  under  this  contract  that  fails  to  meet  the 
aforesaid  warranty  and  is  returned  to  the  Contractor  by  the  Govemeoient  shell 
be  either  repaired  or  replaced  at  the  Contractor's  sole  option  and  expense , 
so  as  to  operate  in  accordance  with  said  contractual  specifications.  Satis¬ 
factory  operation  of  a  Unit  shall  be  demonstrated  by  successful  completion  of 
the  Acceptance  Test  Procedure  (ATP)  contained  in  CDRL  Item  No.  QQI3  A  &  The 
contractor  is  not  required  to  perform  cosmetic  repairs  on  Units  roturnwd  under 
this  warranty.  Unless  agreed  to  otherwise  by  the  Government,  all  warranty 
repair  and  test  activity  shall  be  performed  by  the  Contractor.  The  Government 
shall  have  the  right  to  witness  tost  activity  and  review  the  documented  results. 

3.  For  the  purposes  of  this  warranty,  the  Initial  Anniversary  Da to  (XAD) 
shall  be  dafinod  to  bo  the  date  of  successful  completion  of  DT  III  PVT-G 


(Production  Validation  Testing  -  Government)  testing.  The  Contractor  will 
be  notified  of  the  IAD  date  by  the  AGO  prior  to  release  of  the  FV7-G  Test 
Report.  In  any  event,  such  notification  will  occur  no  later  than  90  days 
after  the  successful  conclusion  of  PVT-G  testing.  This  ZAO  will  be  used 
to  establish  reporting  and  adjustaent  periods  for  this  warranty. 

4.  For  all  Low  Rata  Initial  Production  (LRIP)  Units  purchased 
under  this  contract,  the  initial  warranty  period  shall  start  upon  government 
acceptance  of  a  Unit  (signing  of  the  DO  250)  and  shall  extend  until 
48  months  after  the  IAD  defined  in  Part  I,  paragraph  3.  The  warranty 
period  specified  herein  may  be  renewed  for  additional  periods  at  the  option 
of  the  Government.  The  Contracting  Officer  and  the  Contractor  agree  to 
negotiate  in  good  faith  the  price  for  any  renewal  of  the  warranty  period. 

5.  Hie  Contractor  shall  not  be  obligated  to  pay  for  the  repair 
or  replacement  of  any  Units  under  this  warranty  for  nonconformance,  loss, or 
damage  by  reason  of  (1)  Non-LDNS  induced  fire,  (2)  non-LDNS  induced  explosion, 
(3)  submersion,  (4)  aircraft  crash,  (5)  enemy  action,  (6)  patural  disaster,  su 
as  flood,  hurricane,  tornado,  earthquake,  or  lightning,  or;  (7)  accidental  or 
willful  mistreatment.  These  exclusions  apply  only  to  loss  or  damage  occurring 
at  locations  other  than  those  owned  or  controlled  by  the  Contractor  or  where 
a  defect  in  the  Unit  is  not  a  cause  of  one  or  more  of  the  above  listed  events. 


Clear  and  convincing  avldance  must  accompany  the  Contractor's  cl**™  for  relief 
from  warranty  obligation  for  any  of  the  above  listed  exclusions. 

6.  Notwithstanding  the  provisions  of  the  "Inspection"  (1958  May) 
Clause  (ASPR  7-103. 5 (a))  regarding  the  conclusiveness  of  acceptance  and  the 
waiver  of  defects  which  are  susceptible  to  discovery  prior  to  acceptance, 
the  Contractor  shall  be  obligated  to  repair  or  replace  any  defective  Unit  in 
accordance  with  the  terms  and  conditions  of  this  warranty.  The  rights  and 
obligations  of  the  parties  under  this  warranty  are  in  addition  to  and  independ 
ant  of  tha  rights  and  obligations  of  the  parties  under  the  other  provisions  of 
this  contract..  Except  as  provided  by  the  general  provision  of  this  contract 
entitled  "Inspection”,  the  Contractor's  obligations  and  the  Government's 
romedios  for  repair  and  replacement  are  solely  and  exclusively  as  stated  hcrei 
In  no  event  shall  the  Contractor  be  liable  for  special  or  consequential 
damages. 
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Part  II 


Contractor  Obligation* 

1.  Contractor-initiated  ECPs  to  improve-  Unit  reliability  or  maintain¬ 
ability  at  no  change  in  contract  price  are  encouraged  under  this  warranty. 

All  Government  approved  no  change  in  price  ECPs  shall  be  incorporated  into 
all  new  production  units  and  into  applicable  prior  production  Units  returned 
by  tho  Government  to  the  Contractor  for  repair.  As  a  part  of  each  no  change 
in  price  ECP,  the  Contractor  agrees  to  submit  a  schedule  of  prices  to  the 
Government  for  supplying  the  necessary  parts  (modification  kits,  instructions 
or  other  necessary  material  and  supplies)  for  Units  in  the  Government 
inventory  for  which  tho  warranty  has  expired  or  will  expire  and  which  are 
known  not  to  be  of  the  latest  configuration.  The  Government  option  to  buy 
these  necessary  parts  (modification  kits,  etc.)  at  the  ECP  price  schedule 
shall  extend  until  the  earliest  warranty  expiration  data  for  the  LDNS,  as  a 
minimum. 


This  provision  does  not  limit  the  Contractor's  rights  or  privileges  to 
develop  and  submit  cost  ECPs  for  other  purposes. 

2.  The  Contractor  shall  cause  a  suitable  and  prominent  display  of 
warranty  information  in  form. and  content  suitable  to  the  Contracting  Officer 
to  be  placed  conspicuously  on  the  surfaces  of  each  Unit  under  warranty. 

A  typical  example  is  shown  in  Figure  1. 

3.  The  Contractor  shall  causa  a  suitable  label  for  permanently 
recording  Unit  installation  and  removal  data  in  form  and  content  suitable  to  the 
Contracting  Officer  to  be  placed  conspicuously  on  the  surface (s)  of  each 

Unit  under  warranty.  A  typical  example  is  shown  in  Figure  2. 


WARRAKTY  UOTICg 


1.  This  unit  is  under  warranty  until  (Date  to  be 
insarted) . 

2.  Do  not  brcaX  or  tamper  with  warranty  seals. 

3.  Verify  failures  using  approved  procedures  and 
test  equipment  of  Til  (To  be  inserted) . 

4.  Record  failure  circumstance  date  and  lino 
tester  findings  on  (Appropriate  fora  reference 
to  bo  inserted). 

5.  Pachage  in  accordance  with  Section  X2  of  Ttl 
( To  be  inserted)  and  promptly  return  with 
failure  circumstance  data  and  line  tester  data 
to  (Insert  contractor's  address). 


IHSTAUhTlDlUSATi 


TOR  COKTRACTOn 


use  o::ly 


f:  • 
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Not*  th*t}  th are  is  a  "Code*  column  next  to  the  removal  data  in  which  the 
Contractor  will  record,  on  returned  Units  only,  a  code  representing  the 
result  of  Contractor/ACO  action.  The  coding  scheme  is  as  follows: 

0  -  Unit  removed  for  other  than  warranty  repair 

1  -  Failure  not  covered  under  warranty 

(ACO  concurrence) 

2  -  Failure  verified,  corrective  action  taken 

under  warranty 

3  -  Failure  not  verified  (ACO  concurrence) 

4.  The  Contractor  shell  provide  and  install  appropriate  seals  for 
ell  Units  which  shell  minimize  inadvertent  seal  breaking.  Furthermore,  the 
design  of  the  seals  should  be  such  that  a  breaking  of  a  seal  through 
tampering  is  detectable. 

5.  The  Contractor  shall  submit. 'for  Government  approval  the  proposed 
content,  wording,  placement,  material,  and  method  of  application  of  the 
items  required  in  Part  IX,  paragraphs  2,  3,  and  4. 


6.  The  Contractor  Shall  insert  a  t  .  .-.ce  in  all  technical  manuals  that 
cover  the  Units,  to  the  effect  that  they  are  under'  warranty.  The  Contractor 
shall  place  those  warranty  provisions  applicable  to  using ’ activities  in  all 
pertinent  Technical  Manuals  developed  under  this  contract. 

7.  The  Contractor  shall  maintain  throughout  the  warranty  period  a 
fully  operational  warranty-repair  facility  located  in  the  continental 
United  States.  The  Contractor  shall  maintain  at  this  repair  facility  a 
secure  area  for  storage  of  Government-owned  spare  units  and  repaired  units. 

8.  In  tho  event  of  a  failura  of  a  Unit,  the  Government  shall 
promptly  notify  the  Contractor  in  writing  or  by  electronic  message  (e.g., 

TWX)  of  said  failure. 

shall  package  and 
for  the  levels  ( 

cited,  and  ship  a  replacement  Government-owned  Unit  from  the  secure  storage 
area  to  a  location  designated  by  the  Government.  To  the  extent  possible, 
Units  will  be  selected  for  shiooinn  from  the  secure  xtnr.m.  ar». 


Upon  receipt  of  such  notification,  the  Cpntractc 

Co^mtA  C/a.4  / 

pack  in  accordance  with  ^?**FTT~^***~^**‘1nrTr:  BE  1  n  m 
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d»Y  from  the  tima  of  receipt  of  notification,  but  in  no  evant  shall  such 
shipment  ba  made  later  than  96  hours  after  receipt  of  notification.  For 
shipment,  tha  Contractor  shall  use  a  Government  Bill  of  Lading  (CBL)  accompanied 
by  a  00  Fora  1149  for  transfer  of  Government  property  accountability.  In  tha 
•vent  there  are  insufficient  Units  in  tha  sacura  storage  area  to  meet  demands, 
tha  Contractor  shall  follow  a  shipping-priority  system  as  directed  by  the  ACO. 

9.  Units  returned  to  the  Contractor  for  repair  or  replacement  under 
this  warranty  for  which  the  Contractor  cannot  verify  any  nonconformance  shall 
be  subjected  to  and  pass. this  contract's  approved  test  procedure,  packaged,  and 
delivered  to  the  secure  storage  area  by  the  Contractor.  This  shall  be  done  at 
no  change  in  contract  price  unless  the  number  of  such  returns  exceeds  (a)  an  averac 

I 

of  two  such  returns  per  month  or  (b)  25%  of  the  total  number  of  all  returned 
Units  in  the  reporting  period,  whichever  figure  is  greater.  For  purposes  of  this 
adjustment,  the  reporting  periods  are  defined  to  be  twelve  month  periods  be¬ 
ginning  with  the  I At).  The  Contracting  Officer  will  annually  adjust  the  contract  ^ 
price  and  make  payment  to  the  Contractor  at  the  rata  of  $200  per  Unit  for  the  ! 

number  of  such  returns  that  exceed  the  for  going  amount  in  each  reporting 
period.  For  the  purposes  of  computation,  the  returns  of  ail  units  Will  be 
combined.  The  Contractor  shall  promptly  present  evidence  to  the  ACp  or  his 
designated  representative  that  nonconformance  of  a  returned  Unit  cannot  be 
v*rified.  The  ACO  shall  review  and  cooroborats  this  determination. 

10.  The  Contractor  shall  repair,  replace  and/or  install  approved 
modifications,  perform  and  pass  the  Contract's  approved  test  procedure, 
package,  end  store  a  returned  Unit  for  which  this  warranty  is  in  force  in 
tbm  secure  storage  ares  in  an  average  time  less  han  or  equal  to  "Tspec“  calendar 


days  as  defined  herein.  Each  Unit's  turnaround  time  starts  on  the  day  it,  i^  j 

,  .  .  ylWr  i*«f«crie4/  **  ** 

received  at  the .Contractor's  repair  facility  and* ends  on  the  day  it  is  placed 

in  the  secure  storage  area  or  snipped  to  a  Government  location. 

Calculation  of  the  Contractor's  average  turnaround  tima  shall  be 
made  over  six-month  periods.  The  first  such  period  shall  start  with  the 
initial  anniversary  date,  and  subsequent  six-month  periods  shall  follow 
consecutively  until  warranty  termination,  if  the  average  turnaround  time 
in  a  six-month  period  exceeds  the  specified  value,  as  computed  from  warranty 

fck,  r...— . ....  ■  >.'  1  1  I.  .  .......J  .  ’  - 1  j .  .  .  J  —  i  9B 
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This  formula  is  hasad  on  a  liquidated  d-v-.-ya  o t  $25  par  day  for  each  Unit 
vjjich,  on  the  average ,  exceeds  the  specified  turnaround  tire.  Such  a  fixed 
amount  is  established  and  agreed  to  by  the  Contractor  in  recognition  of  the 
fact  that  actual  liquidated  daaages  are  difficult*  if  not  inpossible*  to 
determine. 

In  this  formula: 

ft  -  number  of  returned  Units  that  have  been  received  by 
the  Contractor  during  the  six-^eonth  period  and  which 
are  not  subject  to  the  exclusions  of  Part  I,  paragraph  5. 

I  ■  average  turnaround  tine  of  the  R  returned  Units  during  the 
six  month  period  calculated  to  three  decimal  places  from 
the  equation  T  “  D/R.  D  is  defined  as  the  total  number  of 
calendar  days  for  Contractor  processing  of  the  R  items 
returned'  for  warranty  service. 


Tspec  ■  Specified  turnaround 


■  Rs  ♦  lb 


Km  following  table  defines  9b  for  each  measurement  intervals 


interval 


ZRD  to  ZRD  +  6  nos 
ISO  +  6  nos  to  ZRD  +  12 


Tc  (calendar  da 


XRD  ♦  12  moo  to  XM>  +  18  mo 
Intervale  after  ZRD  +  18 


m  is  a  turnaround  tin  adjustment  which  depends  on  achieved  mtb?  and  is 
defined  in  Part  ▼*  paragraph  5. 

damages  will  not  bo  due  for  a  measurement  period  if , 
during  the  period  (see  Pert  ZZ*  paragraph  8) , 

(a)  the  Government  contractor  had  sufficient  assets  in  the 
bonded  storeroom  to  moot  each  asset  demand  during  the 
period*  end 

(b)  each  such  demand  was  mot  within  the  96  hour  time  limit. 


The  Contractor  shall  not  be  charged  with  liquidated  damages 
when  the  delay  arises  out  of  causes  beyond  the  control  and 
Without  the  fault  or  negligence  of  the  Contractor  and  its 


11.  The  Contractor  shall  have  a  ccntir.uing  responsibility  to 
Accept  f or  correction  and  ECT  installation  and  to  complete  the  correction  or 
EC?  installation  of,  or  furnish  a  replacement  for,  any  Unit  shipped  to  the 
Contractor's  repair  facility  with  a  shipping  data  on  or  before  the  last  day 
of  the  warranty  period  as  extended  notwithstanding  any  other  provisions  of 
this  warranty,  toy  replacement  units  furnished  under  this  warranty  must 

bo  of  the  latest  configuration  and  must  pass  the  applicable  AT?. 

12.  The  Contractor  shall  maintain  records  by  serial  number  for 
each  Unit  under  warranty  as  required  in  Part  VI  hereunder.  These  records 
shall  be  made  available  to  the  Government  at  the  Contractor's  plant  upon 
request  during  the  warranty  period  and  for  two  years  following  the  expiration 
of  warranty  on  any  L£S?^Unit. 


PARS  ZZZ 


Government  Obligations 


,  1.  The  Government  shell,  to  the  extant  possible,  verify  failures* 

6»hssim <Mjs wMytsAiaiei  stoMf  - 
prior  to  the  return  of  Units  to  the  Contractor,  provide  failure  data  and 

failure  circumstance  data  to  the  Contractor , and  use  appropriate  packing  and 

packaging  when  returning  Units  under  warranty.  However,  in  the  event  that 

any  or  all  of  these  conditions  are  not  met,  the  warranty  shall  remain  in 

effect  for  such  units. 


at  possible',  verify  failure 
•S  •  « 

provide  failure  data  and 


2.  In  recognition  of  the  high  contractor  motivation  for  total 
cost  control  effectiveness  through  the  incentive  feature  of  this  warranty, 
the  Government  agrees  that  all  no  change  in  contract  price  BCPs  which  are 
coeplete  and  submitted  in  accordance  with  MIL-STD-481  to  improve  reliability 
or  maintainability  of  the  Units  will  receive  expeditious  processing  through 
the  approval  cycle.  Notwithstanding  this  special  processing,  any  such  ECP 
shall  be  automatically  incorporated  in  the  contract  by  tha  Government  thirty-* 
five  (35)  calendar  days  after  receipt  of  such  ECP  by  the  PCO  unless  the  PCO 
has  issued  a  written  notification  of  its  non-approval  prior  to  that  data. 

BCPs  developed  end  submitted  for  other  purposes  will  be  subject  to  the  normal 
ECP  review  cycle. 


H  •  Analyses  which  identify  contract  price  adjustments  or  needs 
*1  for  engineering  analysis  or  corrective  engineering  actions 

J  in  Parts  IV  and  V  shall  he  reviewed  by  the  Contracting  Off-cer 

and  approved  by  him  prior  to  implementation  of  these  actions. 
Contracting  Officer's  decision  shall  be  final.  v 

^Tjhe^Gbvensnent  "shall  establish  within  its  organization  a 
single  point  of  contact  to  communicate  with  the  Contractor 
its  requirements  under  RI W  including,  but  not  limited  to, 

^  shipping  instructions  and  establishment  of  priorities  on 


6-24-76 


PAST  IV 

Miscellaneous 

1.  upon  receipt  of  a  returned  unit  at  tha  Contractor's  plant  or 
facility,  a  joint  inspection  shall  be  made-  by  the  Contractor  and  tha 
resident  Cuvsmmanf  quality  assurance  reprasantativa  for  tha  purposa  of 
categorising  tha  warranty  status  of  each  Unit.  The  r<  (.'tentative  shall 
report  his  findings  to  tha  contracting  officer.  Thar*.  is  a  presumption  that 
a  returned  Unit  is  covered  under  this  warranty  and  only  the  provisions  of 
Part  X,  paragraph  5  thereof  shall  void  the  Contractor's  responsibility  to 
repair  or  replace  at  no  coat  to  the  Govesamant  under  this  warranty.  In  tha 
event  of  a  controversy,  the  govan—nt  reserves  the  right  to  make  a  final 
as  to  whether  any  unit  la  covered  by  this  warranty,  tha 
Contractor  My  — his  prerogative  undapr  the  Disputes  Article  of  the 


2.  tha  Contractor  agrees  to  enter  into  a  separata  contract  with 
to  cover  tha  correction,  repair,  replacement,  or  disposition 
of  units  that  have  sustained  damage  attributable  by  the  Government  to  tha 
cauaes/events  set  forth  in  Part  X,  paragraph  S. 


Bach  such  Unit  returned  for  repair  which  upon  examination  at  the 
Contractor's  facility  is  not  considered  by  the  Government  to  be  economically 
repairable  shall  be  disposed  of  by  the  Contractor  as  directed  by  the  contract¬ 
ing  officer.  The  Contractor  shall  have  the  right  to  assess  charges  for  any 
reasonable  services  performed  as  directed  by  the  contracting  officer  in 
connection  with  the  disposition  of  any  such  nonrepair able  Unit.  Any  material 
required  to  be  furnished  by  the  Contractor  in  connection  with  shipment  of 
such  units  shall  be  subject  to  equitable  adjustment.  The  Contractor  may  retair 
any  such  units  with  the  approval  of  the  Contracting  Officer  if  reimburseswnt 
is  mode  to  the  Government  tor  its  reasonable  value. 

3.  Any  (blit  returned  to  the  Government  after  rsplacasMnt  hereunder 
shall  have  appliod  hereto  the  balance  of  the  warranty  period  of  the  Unit  it 
replaces. 

When  more  than  10  percent  of  the  Units  provided  under  this  contract 
have  sustained  damage  attributable  by  the  AGO  to  the  causes/events  ] 

set  forth  in  fart  x.  *  »•«*  — 


6-24-76 

the  provisions  of  Part  XV/  paragraph  2,  or  hava  otherwise  baan  certified  by 
the  Contracting  officer  as  lost  or  damaged  beyond  repair,  an  adjustment  in 
contract  price  shall  be  made  for  the  unused  portion  of  the  warranty  for  the 
Units  exceeding  the  10  percent  threshold. 

Per  each  Unit  for  which  such  adjustment  is  applicable,  the  contractor 
shall  rebate  the  Government  at  the  rate  of  0.0160  percent  per  day  per  Unit 
of  the  system  RIW  price  in  CLIN  0016AA.  The  rebate  will  apply  to  the 
unused  portion  of  warranty  time  starting  with  the  day  the  Unit  was  declared 
lost  or  damaged  beyond  repair. 

5.  The  Government  shall  not  be  obligated  to  provide  facilities, 
tooling,  or  equipment  of  any  type  for  Contractor  performance  under  this 
warranty  except  where  Government  Furnished  Property  is  identified  in  the 


contract. 


6.  A  average  operate  time  of  twenty  (20)  hours  per  month  for  each 
tftiit  delivered  to  the  Government  is  expected  for  the  LONS  equipment.  Starting 
twenty-four  (24)  months  after  the  Initial  Anniversary  Oats  (as  defined  in 
Pert  1,  Paragraph  3)  and  annually  thereafter,  -£he  contract  price  shall  be 
adjusted  upward  or  downward  to  account  for  significant  deviations  (greater 
than  plus  or  minus  10*)  from  this  20-hour  standard  during  the  previous 
twelve  (12)  month  period.  No  adjustment  shall  be  made  for  an  operating 
differential  in  the  period  between  contract  award  Sad  twelve  (12)  months 
after  the  initial  anniversary  data. 

Such  adjustments  shall  be  aade  by  analyzing  the  alepsed-tida- 
indicator  (STX)  readings  of  ell  returned  Units  during  the  preceding  twelve  (12) 
months  to  estimate  total  operating  time  and  comparing  tlhis  estimate  with 
the  expected  total  operating  time  based  on  e  20  hour  per  month  averaqe. 

Expected'  total  operate  hours  (EXTOH)  over  an  N  month 
period  is  calculated  as  follows* 


where 


EXT0B  -  N  X  0T  x  « 


1 

3  .  N 


•  ■  •  I  *  •  *.  .-.** 

V-.-. 
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Mj  is  ths  total  number  of  LDHS  Units  accepted  by  the  Government 
through  the  end  of  aonth  j  of  the  N  Month  interval. 


Of  ■  20  hours  per  aonth*  the  expected  average 
operate  tine  per  aonth  per  Unit 

N  «  nuabor  of  months  in  the  period 


Estimated  total  Operate’ Hours  (ESTOH)  over  an  M  month  period  is 
calculated  as  follows  s 

ESZOH  -OX  MS  x  n 


D  ■  number  of  calendar  days  in  the  M  month  period 
MS  •  estimated  average  operate' tiam  par  day 

.  _  A  Tima, 


and  n^  is  the  total  number  of  10MB  Units  accepted  by  the  Government  which 
an  under  warranty,  and  not  at  the  Contractor's  repair  facility  or  in  his 


storage  area  at  the 


of  aonth  j  of  the  M  aonth  interval. 


All  Units  received  at  the  Contractor's  repair  facility  during  the  measure¬ 
ment  period  will  be  usod  to  compute  MS. 

A  Time ^  for  a  Unit  returned  during  the  measurement  period  is  defined  to 
be  the  ETI  reading  of  the  unit  when  received  by  the  Contractor  minus  the  ESI 
reading  of  the  Unit  when  last  shipped  by  tho  Contractor.  A  Dayu^  [or  a  unit 
returned  during  tho  measurement  period  is  defined  to  be  the  total  number  of 
calendar  days  the  Unit  was  out  of  tho  Contractor's  repair  facility  or 
secure  storage  area  starting  with  the  date  the  Unit  was  last  shipped  to  a 
Government  installation  up  to  tho  date  the  Unit  was  again  received  l>y  tho 
Contractor.  Zt  ie  noted  that  tho  values  in  the  numerator  and  denominator 

..  fL+ru.  Ufs.Ts'  rrr  as 

of  the  above  equation. Must  bo  baued.iw  the  same  Units.  «  Tfi.iuM  dmwmmwwmma 

//vojUamnwa.  o*  m  mi*  Mrr  7««v  tkmt  u**n  mU  Jimtc 

i magyay* ,,fM^ — ... 
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The  usage  ratio  (UR)  for  tha  measurement  period  is  given  by* 


ESTOH 
UR  -  EXXOii 


the  correction  factor  (CF)  for  warranty  payment  for  the  period  is  given  by 


car  - 


5»:im)  +C4.S. 
9 


0  4  UR  <  .9 


.9  4  UR  4  1.1 


5  (UR? 


1.1  <  UR 


The  warranty  price  adjustment  (AWP)  due  to  equipment  usage  over  the 
interval  is  calculated  in  two  parts.  For  systems  supplied  under  CUN  0001AA: 


AWP1 


CF  -  1.0 

4 


rjrTxri> 


where  CUMP  is  tha  price  of  CUN  0016AA 


For  systems  supplied  under  the  option  quantity  provisions  of  this 


Contract* 


AWPO  »  (CF  -  1 


« £[ 


PRICE 

3 


where  QO  is  the  total  option  quantity  exercised, 

QS  is  the  number  of  option  quantity  systems  accepted 
by  the  Government  by  the  last  day  of  the  usage 
measurement  period,  and 

PRICE  is  the  option  quantity  RIW  price  for  QO  systems. 


Then 


AMP  -  AMP1  +  AWPO 


A  positive  AMP  indicates  that  the  prica  is  adjusted  upward.  A  negative 
AMP  indicates  that  the  price  is  adjusted  downward. 
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PART  V  -  MTBF  GUARANTEE 

1.  The  Contractor  shall  guarantee  that  the  achieved  MTBF  of  the 
LDNS  will  be  equal  to  or  greater  than  that  shown  below: 


Period 


1  through  48  months 
after  IAD 


LONS  Achieved  MTBF 


500  hours 


2.  For  this  guarantee,  the  aethod  for  measuring  achieved  MTBF 
of  the  LOSS  is  given  in  Part  V,  paragraph  6. 

3.  She  Contractor  shall  make  sani-annual  measurements  of  achieved 
Of  of  the  LONS  over  the  previous  six  (6)  month  period.  The  first  such 
measurement  Shall  ho  made  eighteen  (18)  months  after  the  IAD.  Paragraph  6  of 
this  section  provides  the  method  for  measuring  achieved  MTBF.  The  Contractor's 
obligation  with  reboot  to  this  MTBF  guarantee  shall  terminate  when  three  (3) 
consecutive  measurements  yield  MTBF  values  that  equal  or  exceed  the  guaranteed 
MTBF  value  shown  in  Part  V,  paragraph  1.  In  no  event  shall  the  Contractor's 
obligation  be  continued  beyond  forty-eight  (48)  months  after  the  IAD  unless 
mutually  agreed  to  otherwise.  Notwithstanding  the  termination  of  this  MTBF 
Guarantee,  the  RXN  shall  continue  in  accordance  with  the  applicable  provisions 
of  that  clause. 


4.  Xn  the  event  that  the  achieved  MTBF  for  any  measurement  period 
is  less  than  $00  hours,  the  Contractor  shall  furnish  to  the  Government,  at 
no  additional  cost  to  the  Government,  the  following! 

(a)  Engineering  analysis  to  determine  the  reasons 
for  the  failure  to  achieve  the  guaranteed 
figure 

(b)  Corrective  engineering  design  changes 

(c)  Modification  of  the  Units,  as  roquirod. 


-m 


a*  »  •  •  *  *  '  v*  O  •  '  •  *  «l'  •  '  *  "  ■  t  *  >l4  *, *  <  *  »  ’  «  •  •  A  *  , 


t'  t*  r 


<  <  • 


*5.  Zn  Part  II,  paragraph  10,  tha  turnaround  tin*  adjustment  factor, 
(TM)  Cor  a  given  period  will  depend  on  the  achieved  MTBF  of  the  previous 
measurement  period  as  follows i 


Achieved  MTBF  (hours) 

Less  then  400  hours 
400  hours  to  600  hours 
more  than  600  hours 


thi  (calendar  days) 


0 

4 


6.  This  paragraph  provides  the  method  for  measuring  achieved 
MTBF  over  a  six-month  measurement  period. 


Achieved  MTBF  is  defined  as  follows* 


MXBFA  *  achieved  MTBF 

ESV0B  -  the  estimated  total  operate  hours  of 
the  L0MS  over  the  six  month  period 
(See  Fart  XV,  paragraph  6,  with  M  ■  6) 

F  •  number  of  Obits  received  at  the  Contractor's 
repair  facility  during  the  measurement  period 
which  «re  coded  '2*  in  accordance  with 
Fart  II,  paragraph  3. 

FART  VI 


Data  Requirements 

The  contractor  shall  establish  and  maintain  a  data  accumulation, 
processing,  analysis  and  reporting  system  capable  of  providing  the  information  ,*^ 
required  by  the  following . data  items* 


Data  Collection  and  Analysis  Plan 
warranty  Data  Report 
warranty  Effect ivsness  Study 


3 


•14* 


CSKL 

CDRL 

CDRL 
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THE  LIGHTWEIGHT  DOTTLE  It  KAVIGAT1.''  STST2P  *  TEE  DTUIC  I ROCUREKENT  CONCEPT 

Lt.  Cel.  (OP  Mhitf 
tn;  freer  ?  Offle*  (KAVCON) 

Ft.  Monmouth 

pbisektatxon  m  points. 

1.  Th#  mare  procurement  concept  la  all-,  and  wall  In  tht  office  of  tha  Projeot 
Manager!  Navigation/Control  Spatoaa  .AVCO* ) .  Tha  lataat  progrmc  In  which  lt 
la  being  uael  la  tha  Aray'a  Lightweight  Doppler  navigation  Syatea  (LDNS). 

2.  Che  Projoot  Manager,  1UVCON ,  la  no  etranger  to  tha  oonoapti  the  LDNS  being  the 
aeeond  DTOPC  program  atart  in  one  pear ,  teeaone  were  learned  froa  the  flret  one. 
and  tha  boneflta  of  thoao  laaaona  are  being  Incorporated  In  the  LDNS  program. 

Thla  praaentation  offara  eon a  detail  on  the  ooaparlaona  of  thaea  prograaa. 

3.  Tha  Project  Manager!  KAVCON ,  alao  hae  another  prograa  alallar  to  the  LDNS,  oxoapt 
that  lt  la  not  a  DTOPC  program.  Intareating  eoepar leone  are  made  between  theaa 
two  progrema  and  how  uae  of  tha  DTUPC  concept  might  have  prevented  come  of  tha 
problaaa  mow  being  encountered  In  tha  non-DTDPC  program. 

A,  Speelflea  are  given  In  tha  praaentation  of  what  ehaegea  are  atlll  being  made, 
avan  after  the  program  la  wall  Into  engineering  development.  Many  of  tha  ehangea 
are  being  made  aa  tha  reaulta  of  the  Government  and  tha  eontraotora  continuing 
to  learn  their  DTOPC  leaaona  together. 

3.  Bellabllltp  Improvement  warrmntlaa  (BIN)  are  tha  aubjeet  of  much  dlacumalon  In 
procurement  clrelea.  Planned  application  of  aa  BXV  to  tha  LDNS  program  la 
treated  la  the  praaentation.  Draft  tana  and  eoadltlone  of  the  propoeed  warranty 
elauae  for  the  Initial  production  oantimat  have  been  prepared  and  dlatrlbuted  to 
the  two  LDNS  eontraotora.  Tha  whole  aubjeet  will  be  treated  In  a  one  detail. 

6.  Culmination  of  the  praaentation  la  a  point-by-polnt  reflection  on  the  aapeeta 

of  the  LDNS  DTUPC  program  ooverlng  the  epeetrua  of  problem  arena,  atrong  point*, 
policy  oonfleeta  and  ehangea,  application  to  other  prograaa,  and  other  la- 
p reeel one  aa  they  have  been  reoalved  la  the  program  thua  far. 


DOPPLER  COST 


BOGEYS 

LONS  -  525,100 
OR  VS  -  S  9.500 

CONSTANT  FY-74  DOLLARS 
PRODUCTION  QUANTITY  -  1.000 
LRIP  QUANTITY  -  200  (LDNSI 


INTERNAL  ORGANIZATION 


PROGRAM 

OFFICE 


CONTRACTING 

OFFICER 


PROJECT 

ENGINEERS 


'  FUNCTIONAL  > 
DIRECTORATES 


».A-.  •• 
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LDNS  TRADE  OFF  ANALYSIS 

NAVIGATION  COMPUTER  TECHNOLOGY 


TRADE-OFF  FACTORS/PRIORITIES 

1.  HARDWARE  STATUS  (TECHNICAL  RISK) 

2.  DEVELOPMENT  AND  PRODUCTION  COST 
1  OVERALL  SIZE.  WEIGHT  AND  POWER 

A  RELIABI LITY  AND  MAINTAIN A8I LITY  (LCC  FACTORS) 

6.  COMPUTATIONAL  CAPABI  LITY  (SPE  ED.  MEMORY.  ETC.) 
STUDIES  CONDUCTED 

•  REVIEW  SIX  MACHINES  (THREE  TYPES): 

•  OFF-THE-SHELF  LSI  CPU 

•  CUSTOM  LSI  CPU 

•  DISCRETE  1C  TECHNOLOGY 

RESULTS 

•  THE  OFF-THE-SHELF  LSI  CPU  WAS  SELECTED  AS  OPTIMUM 


PROOUCIBILITY  TRADE-OFFS 

•  CASTING  VERSUS  DIPPED  BRAZED  ASSEMBLY  FOR  CDU  MAIN  FRAME 
COST  ESTIMATES  IN  QUANTITY  OF  1.000 
CASTING  45 

MACHINING  68 

TOTAL  6113 

DIPPED  BRAZED  HOUSING  S220 
SELECTED  CASTING  FOR  LOWER  PRODUCTION  COST 


•  CDU  INTERCONNECTION  TRADE-OFFS 

MULTI-LAYER  MOTHER  BOARD  SS6 

SOLDER  INTERCONNECT  WIRES  20 

TOTAL  S12S 

WIRE  WRAP  PROCESS  636 


•  SELECTED  WIREWRAP  APPROACH  FOR  LOWER  COST 


DATA  STORAGE  DURING  POWER  OFF 


•  PROBLEM 

•  CMOS  LSI  RAM  CHIPS  LOSE  CONTENTS  AFTER  POWER  TURNED  OFF 

•  OPERATOR  MUST  RE-INI TIALIZE  PRESENT  POSITION  AND  DESTINATIONS 
UPON  POWER  TURN-ON 

•  ALTERNATIVES: 

SERIAL  CONE  MEMORY-PRODUCTION  COST  >  62.000 
M  NOS  RAM  (NITRIDE) 

LOW  DENSITY /HIGH  COST 

SLOW  WRITE  TIME 

STILL  UNDER  DEVELOPMENT 

SELP  CONTAINED  BATTERY  POWERS  RAM  WHEN  PRIME  POWER  TURNED  OFF 
SMALL  COST  INCREASE  <  620 
LOW  POWER  ORAIN  <  0.2  mllliwnpi 
PERIOOIC  MAINTENANCE  REQUIRED 
RS-INITIALIZE  ALL  DATA  EVERY  POWER  OFF 


•  APPROACH  SELECTED 


>  VV/Vf.* 


AWARD  FEE  CONSIDERATIONS 

(LESSONS  LEARNED) 


-  THE  “REAL  INCENTIVE” 

-  AMOUNT  OF  POSSIBLE  FEE 

-  AWARO  FEE  EVALUATION  BOARD 

-  NUMBER  OF  RATING  PERIODS 


LESSONS  LEARNED 

(CONTMUED) 


•  REDUCTION  OF  DATA  ITEMS 

•  INFORMATION  LEAKS 

•  UNDEFINED  REQUIREMENTS 

•  EXPLAINING  THE  BOGEYS 

•  COMPONENT  SELECTION 


MATVMAL  MSP8CTIQN 

AMD 

R8C8WMft  SBPOST 

mamma  mammauat  fmmnm. 

0AA807-77-C-2  (26 

m.  30-217 
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1.  INTRODUCTION 

This  report  describes  the  Maintainability  Demonstration  Test 
performed  on  the  Lightweight  Doppler  Navigation  Set  (LDNS) . 

The  report  discusses  the  data  collected,  analysis  of  the  data, 
and  results  of  the  demonstration. 

2.  PURPOSE  OF  TEST 

The  purpose  of  the  test  was  two-fold: 

1.  To  demonstrate  the  ability  of  the  LDNS  to  conform 
to  the  maintainability  requirements  of  ECOM  speci¬ 
fication  EL-SS-1050-001A,  and  if  required,  to  deter¬ 
mine  the  corrective  action  necessary  to  conform  to 
the  specification. 

2.  To  validate  and  if  necessary,  to  update  the  Depart¬ 
ment  of  the  Army  Technical  Manuals  for  the  a)  Organi¬ 
zational  Maintenance  and  b)  Direct  and  General  Support 
Maintenance  of  the  LDNS. 

3.  DESCRIPTION  OF  TEST  ITEMS 

The  test  items  consisted  of  a  Receiver-Transmitter-Antenna  (RTA) 
a  Signal  Data  Receiver  (SDC) ,  and  a  Computer  Display  Unit  (CDU) . 
Following  is  a  tabulation  of  the  LRU's,  with  their  associated 
modules,  which  were  used  in  the  tests. 
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NAME 


Receiver-Transmitter-Antenna 


Gunn  Oscillator 


Receiver-Transmitter 


Electronic  Module 


Antenna 


Signal  Data  Converter 


Frequency  Tracker 


Timer/interface 


A/D  Converter 


Power  Supply 


Computer  Display  Unit 


RAM/ROM 


Numeric  Logic 


Display  Logic 


Post  Regulator 


4 .  DOCUMENTATION 


4 . 1  Government  Documents 


PART  NO. 


SM-D-858489 


SM-A-858395 


SM-A-858394 


SM-D-858406 


SM-D-858521 


SM-D-858425 


SM-D-858403 


SM-D-858400 


SM-D-858444 


SM-D-858445 


SM-D-858446 


SM-D-858423 


SM-D-858352 


SM-D-858357 


SM-D-858355 


SM-D-858353 


SM-D-858354 


SM-D-858359 


DEP  TM  11-5841-281-20 


Organizational  Maintenance  Manual 


for  Doppler  Navigation  Set  AN/ASN-128. 


r«  oi-i  a/76 


V  •»  1%  .  •  *•  J*%  *•  .%  .  •  ,»  .  •  ,  %  ,v  .%  „*•  A  ,  *  /.  A  ,%  A  „  •  /•  .V  A  *-  S.  %  •  %  A  ,  .  *.  *.  a  \  . 
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4.1  Government  Documents  (continued) 

DEP  TM  11-5841-281-34  Direct  and  General  Support  Main¬ 

tenance  Manual  for  poppler  Naviga¬ 
tion  Set  AN/ASN-128. 

MIL-STD-4 7 1A  Maintainability  Verif ication/Demon- 

stration/Evaluation . 

4 . 2  Electronics  Command 

EL-SS-1050-001A  Development  Specification,  Lightweight 

Doppler  Navigation  System  2  June  1973. 

4 . 3  Kearfott  Division 

Y228A337  Maintainability  Demonstration  Test 

Plan,  Lightweight  Doppler  Navigation 
System  (LDNS) . 

5.  ABSTRACT 

The  Maintainability  Demonstration  Test  was  performed  during  the 
period  3/17/76  through  3/19/76  at  the  Singer  Company,  Kearfott 
Division  Engineering  facilities  located  in  Plant  12,  Wayne,  New 
Jersey. 

The  maintenance  times  were  demonstrated  to  be  well  below  the 
requirements  of  EL-SS-1050-001A,  and  the  maintenance  manuals 
were  validated.  The  tests  also  demonstrated  the  validity  of 
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5.  ABSTRACT  (continued) 

the  maintenance  concept  proposed  for  the  LDNS;  i.e.  BITE  to 
isolate  failures  to  the  LRU  level  for  Organizational  Main¬ 
tenance,  and  BITE  together  with  standard  test  equipment  to 
isolate  failures  to  the  module  level  for  Direct  Support 
Maintenance. 


6. 


DESCRIPTION  OF  TESTS 


6.1  General 

The  Maintainability  Demonstration  test  was  performed  during 
the  period  3/17/76  through  3/19/76  at  the  Singer  Company,  Kearfott 
Division  Engineering  facilities  located  in  Plant  12,  Wayne,  New 
Jersey. 

The  tests  were  performed  by  Radar  Engineering  Department  personnel 
and  were  witnessed  by  N.  Romanofsky  and  S.  Reed  of  ECOM. 

6.2  Test  System  Configuration 

Two  system  configurations  were  used  in  the  performance  of  the 
tests.  For  the  organizational  level  tests,  all  three  of  the 
LRU's  were  connected  in  their  normal  aircraft  operational  con¬ 
figuration.  The  aircraft  inputs  to  the  system  were  provided 
by  an  aircraft  simulator  which  supplied  a)  the  Pitch,  Roll, 

Heading  and  TAS  synchro  input;  b)  28  VDC  primary  power; 
c)  26  V  400  HB  synchro  reference,  and  d)  5V  400  HB  for  the 
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6.2  Test  System  Configuration  (continued) 

CDU  panel  lighting. 

For  the  Direct  Support  level  tests,  only  the  SDC  and  CDU  were 
used.  The  cable  Connection  from  the  SDC  to  the  RTA  was  re¬ 
placed  with  a  dummy  connector  which  is  required  for  test  pur¬ 
poses  when  the  RTA  is  not  used.  External  inputs  to  the  system 
consisted  of  28  VDC  primary  power,  26V  400  HB  synchro  reference 
and  5V  400  HB  for  the  CDU  panel  lighting.  No  synchro  inputs 
were  used  for  these  tests. 

6. 3  Test  Procedure 

The  following  procedure  was  followed  in  the  conduction  of  the 
tests: 

a)  A  failure  was  selected  by  the  ECOM  observers  from 
Table  1  -  Recommended  List  of  Induced  Failures. 

This  table  is  part  of  Y228A337,  Maintainability 
Demonstration  Test  Plan,  Lightweight  Doppler 
Navigation  System  (LDNS) ,  and  has  been  included 
in  this  report  for  convenient  reference. 

b)  A  Kearfott  Engineering  technician  incorporated 
the  failure  into  the  equipment. 


c)  When  the  equipment  modification  was  complete, 
another  technician  started  the  fault  isolation 
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6.3  Test  Procedure 


c)  continued) 

procedure  using  the  Department  of  the  Army 
Maintenance  Manuals  as  a  guide. 


d)  A  Stopwatch  was  started  as  soon  as  the  fault 
isolation  period  began  and  was  stopped  after 
1)  the  fault  had  been  isolated  and  2)  a  repair 
had  been  effected  by  replacement  of  either  the 
failed  LRU  or  the  failed  module  (depending  on 
whether  Organizational  or  Direct  Support  Levels 
of  maintenance  was  being  demonstrated)  and  3) 
the  repair  had  been  verified  by  the  performance 
of  a  system. test. 


e)  The  failed  hardware  was  restored  to  its  original 

condition  and  the  process  was  repeated  with  another 
failure  selected  at  random  from  Table  1. 


To  minimize  the  duration  of  the  tests,  operations  which  were 
common  to  all  failures  were  timed  separately  and  these  opera¬ 
tions  were  not  repeated  in  the  process  of  troubleshooting  and 
repair.  At  the  Organizational  Level,  these  common  operations 
consist  of  a)  unbolting  the  LRU  from  the  aircraft  frame  and 
disconnecting  the  cables  from  the  LRU  and  b)  connecting  the 
cables  to  the  replacement  LRU  and  bolting  the  LRU  to  the  air¬ 
craft  frame.  After  these  operations  had  been  timed  several 
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6.3  Test  Procedure  (continued) 

times  to  obtain  an  average,  the  LRU's  were  held  in  place  on 
the  bench  with  a  minimum  of  fasteners  and  the  operation  was 
no  longer  timed. 

A  similar  procedure  was  followed  for  the  Direct  Support  Level 
Tests.  In  this  case  the  common  operations  were  the  removal  of 
the  covers  from  the  SDC  and  CDU,  the  removal  of  the  cards  from 

the  CDU,  the  removal  of  the  lamps  from  the  CDU,  the  removal  of 

assembled  modules  from  the  SDC,  disassembly  of  the  cards  from 
the  SDC  module  frames,  removal  of  the  power  supply  from  the  SDC, 
and  replacement  of  all  the  above  items. 

6.4  Data 

The  data  accumulated  in  these  tests  is  tabulated  in  Tables  2,  3 
and  4.  Table  2  lists  the  assembly  and  disassembly  times  for  the 
common  operations  described  above.  The  operations  were  timed  in 
three  tests  and  averaged  as  indicated  in  Table  2.  These  average 
times  were  then  used  in  all  the  fault  isolation  tests. 

Table  3  is  a  listing  of  all  the  tests  performed  for  the  Organiza 

tional  Level  Tests.  The  first  column  identifies  the  sequence  in 
which  the  tests  were  made.  The  second  column  indicates  the  LRU 
and  Fault  Number  as  listed  in  Table  1.  The  next  four  columns  in 
Table  3  are  a  breakdown  of  the  maintenance  task  times  in  minutes 
"Localization"  is  the  time  required  to  identify  the  failed  LRU; 
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6.4  Data  (continued) 


"Disassembly"  and  "Re-assembly"  are  the  appropriate  times  ob¬ 
tained  from  Table  2;  "Checkout"  is  the  time  required  to  verify 
the  repair,  which  consisted  of  the  replacement  of  the  failed 
LRU  with  a  satisfactory  unit.  The  last  column  is  the  total 
maintenance  task  time. 


A  total  of  54  failures  were  induced  in  the  system  and  the 
distribution  of  the  failures  among  the  LRU's  was  in  propor¬ 
tion  to  the  LRU  failure  rates. 


Table  4  is  a  listing  of  all  the  tests  performed  for  the  Direct 
Support  Level  Tests.  The  listing  is  similar  to  that  used  in 
Table  3.  "Localization"  in  Table  4  required  removal  of  the 
subject  LRU  from  the  hot  mock-up,  replacing  the  removed  LRU 
with  the  failed  LRU,  and  identifying  the  failure  module  in 
the  LRU. 


6.5  Data  Analysis 

The  following  discusses  the  analysis  of  the  data  tabulated 
in  Tables  3  and  4  to  demonstrate  compliance  with  EL-SS-1050- 
001A.  For  reference,  the  maintenance  time  requirements  and 
acceptance  criteria  are  repeated  here  from  Y228A337. 
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6.5.1  .  Maintenance  Times 


Maintenance  Level 

Mct 

M 

ct  max 

Organizational 

Mctl  =  15 

min. 

Mctl  max  “  45 

min. 

Direct  Support 

Mct2  =  30 

min. 

Mct2  max  “  90 

min. 

6.5.2  MIL-STD-471A  Parameters 


The  maintenance  time  requirements  Mctl  and  Mct2  shall  be 
demonstrated  in  accordance  with  Test  Method  1-B  of  MIL-STD-471A. 

The  parameters  for  use  in  Test  Method  1-B  are  defined  as  follows: 
Organizational  Level 

1.  Specified  value  for  Mctls/k  “  15  min. 

2.  Maximum  tolerable  value  for  Mj,^  ®.  ^if,30  min. 

3.  Producer's  Risk  »  »  0.10 

4.  Consumer's  Risk  »  ^  *  0.10 

Direct  Support  Level 

1.  Specified  value  for  M  =  U  =30  min. 

ct*  #  o 

2.  Maximum  tolerable  value  for  Mct2  «  =  60  min. 

3.  Producer's  Risk  =  =  0.10 

4.  Consumer's  Risk  *=  (3  =  0.10 

The  maintenance  time  requirements  Mctl  max  and  Mct2  max  shall 

be  demonstrated  in  accordance  with  Test  Method  3  of  MIL-STD-471A. 

The  specified  maximum  time  for  corrective  maintenance  M  .  shall 

ct  max 

be  taken  to  represent  the  90th  percentile  point  of  the  corrective 

133 


3 


fmoi-i  am 


*1 


THE  SINGER  COMPANY 
KEARFOTT  DIVISION 


Y257A269 


6.5.2  MIL- STD- 4 7 1A  Parameters  (continued) 


maintenance  time  distribution.  The  parameters  for  use  in 
Test  Method  3  are  defined  as  follows: 


=  45  min. 


Organizational  Level 

1.  Specified  value  for  Mct^  max 

2.  90th  Percentile  =  pQ  =  0.10 

3.  75th  Percentile  =  p^  =  0.25 

4.  Producer's  Risk  =  0.10 

5.  Consumer's  Risk  =  ^  =  0.10 

Direct  Support  Level 


1.  Specified  value  for  Mct2  max  =  T  =  90  min. 


2.  90th  Percentile 


0.10 


3.  75th  Percentile  =>  p-^  =  0.25 

4.  Producer's  Risk  =  0.10 

5.  Consumer's  Risk  =  ^  =  0.10 


6.5.3  Acceptance  Criteria 


6. 5. 3.1  Mct  Maintenance  Times 


The  acceptance  criteria  using  Method  1-B  of  MIL-STD-471A 

with  the  above  parameters  is  as  follows: 

«...  _  $ 


Accept  if  5c 


where 


X  «  arithmetic  mean  of  the  sample  times 
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6. 5. 3.1  Mct  Maintenance  Times  (continued) 

n  =  the  number  of  samples  -  54 

cT  =  standard  deviation  of  the  sample  times 


Z.^  =  1.28  (from  p  30  of  MIL-STD-471A) 

=  15  min  for  Organizational  Level 
»  30  min  for  Direct  Support  Level 

6.5. 3.2  Mct  max  Maintenance  Times 

The  acceptance  criteria  using  Test  Method  3  of  MIL-STD-471A 
with  the  parameters  listed  in  6.5.2  is  as  follows: 

Accept  if  the  Number  of  Sample  Times  exceeding  T  .  C 

where 

C  =  8  (from  Table  B-l  of  MIL- STD- 4 7 1A) 

T  =45  min  for  Organizational  Level 
=  90  min  for  Direct  Support  Level 
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6.5. 3. 3  Computations  for  Acceptance  Criteria 


The  means,  standard  deviations,  and  number  of  times  the  main¬ 
tenance  times  exceeded  Mct  max  were  computed  from  the  data  in 
Tables  2  and  3.  The  results  of  these  computations  and  their 
use  in  the  acceptance  criteria  are  tabulated  in  Table  5. 
Examination  of  Table  5  shows  that  the  demonstrated  values  of. 
Mct  and  Mct  max  both  for  the  Organizational  and  Intermediate 
levels  of  maintenance  meet  the  acceptance  criteria  of  MIL-STD- 
471A.  The  demonstrated  values  are  in  fact  substantially  below 
the  required  values. 


7.  SUMMARY  AND  CONCLUSIONS 


The  Maintainability  Demonstration  Test  has  shown  conclusively 
that  the  LDNS  meets  the  maintenance  time  requirements  defined 
in  EL-SS-1050-0Q1A  for  Mct  and  Mct  max  both  for  the  Organiza¬ 
tional  and  Intermediate  Levels  of  maintenance,  and  no  deficiencies 
were  found.  The  Department  of  the  Army  Technical  Manuals  for  . 
Organizational  and  Direct  and  General  Support  Maintenance  were 
used  to  isolate  the  failures  induced  in  the  equipment.  Except 
for  some  minor  clarifications  and  corrections,  the  manuals  pro¬ 
vided  the  required  guidance  to  isolate  the  problems  in  a  rapid 
and  straight  forward  manner.  The  manuals  have  now  been  updated 
in  accordance  with  the  required  changes. 
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7.  SUMMARY  AND  CONCLUSIONS  (continued) 

The  tests  have  also  verified  the  Singer  maintainability 
concept  for  the  LDNS.  It  has  been  demonstrated  that  the 
BITE  satisfactorily  identifies  the  failed  LRU  at  the  Organ¬ 
izational  Level.  It  has  also  been  shown  that  at  the  Direct 
Support  Level  isolation  of  failures  to  the  card  level  is 
effectively  accomplished  by  the  BITE,  standard  test  equip¬ 
ment  (voltmeter  and  oscilloscope) ,  and  the  procedures  de- 
fined  in  the  technical  manuals. 
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TABLE  2 

SAMPLE  TIMES  FOR  DISASSEMBLY 
AND  REASSEMBLY 
(times  in  minutes) 


ORGANIZATIONAL  LEVEL 


#1 

#2 

#3 

A 

Disassembly 

1)  CDU 

0.5 

0.4 

0.3 

0 

2)  RTA 

12 

10 

8 

1 

3)  SDC 

1.4 

1.2 

1.0 

1 

Reassembly 

1)  CDU 

0.7 

0.5 

0.3 

0 

2 )  RTA 

12 

10 

8 

1 

3)  SDC 

2.6 

2.4 

2.2 

2 

INTERMEDIATE  LEVEL 


#1 

#2 

#3 

A 

Disassembly 

1) 

SDC 

(Power 

Supply) 

3.6 

3.2 

i 

1 

2.8 

3 

2) 

SDC  (Cards) 

4.4 

4.2 

4.0 

4 

3) 

CDU  (Cards) 

0.9 

0.85 

0.9 

0 

4) 

CDU  (Lamps) 

4.4 

4.3 

« 

4.2 

4 

Reassembly 

1) 

SDC 

(Power 

Supply) 

3.8 

3.6 

3.4 

3 

2) 

SDC  (Cards) 

6.2 

5.9 

5.6 

5 

3) 

CDU  (Cards) 

1.4 

1.3 

1.2 

1 

4) 

CDU  (Lamps) 

5.4 

5.2 

5.0 

5 
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TABLE  3  -  DEMONSTRATED  TASK  TIME  DATA 
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TABLE  3'  -  DEMONSTRATED  TASK  TIME  DATA 
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INTRODUCTION 


This  Cost  of  Ownership/Life  Cycle  Cost  (LCC)  was 
prepared  in  accordance  with  CLIN0020,  DD1423  item 
G005  of  Contract  DAAB07-74-C-0487  .  As  required 
this  analysis  is  based  on  the  existing  Lightweight 
Doppler  Navigation  System  (LDNS)  design. 
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GENERAL 


Life  Cycle  Cost  is  a  cumulative  measurement  of  Research  and 
Development  costs ,  Investment  costs  and  various  logistics 
support  costs  (Operation  and  Maintenance) .  This  Cost  of 
Ownership/Life  Cycle  Cost  analysis  was  based  on  the  Optimum 
Repair  Level  Analysis,  Document  Y258A290  Rev.  A  which  con¬ 
siders  the  above  costs  by  employing  the  Generalized  Elec¬ 
tronics  Maintenance  Model  (ECOM  TR-3502). 

Figure  I  is  the  output  of  the  Generalized  Electronics  Main¬ 
tenance  Model  exercised  with  the  maintenance  policies  which 
were  selected  for  the  Lightweight  Doppler  Navigation  System 
being  proposed  by  Singer-Kearfott.  The  combination  of 
Maintenance  Policy  Numbers  11/13  with  corresponding  stockage 
and  inventory  requirements  from  policies  21/23,  proves  to  be 
the  most  cost  effective  and  is  used  for  the  LCC. 


MAINTENANCE  POLICY 


LEVEL 

"o11  “ 

WDS 

“GS" 

DEPOT 

FUNCTION. 

COE,  FIC 

FIM  (SDC,  CDU) 

FIM  (RTA) 

FIP  (All) 

STOCKAGE 

No  Spares 

Components 

(LRU's) 

Modules  (SRU's) 
for  SDC,  CDU 

Modules  (SRU’s)  ’ 
for  RTA 

Selected 

Bit  &  Piece  to 

Bits  &  Pieces 

repair  all  SRU 

The  GEMM  output  (Figure  I) ,  when  run  with  the  selected  Main¬ 
tenance  Policy,  provides  the  result  of  a  comprehensive  analysis 
which  traded  off  significant  parameters  such  as  maintenance 
levels,  test  equipment  requirements,  stockage  of  spares,  techni¬ 
cal  data,  training,  transportation,  etc.  The  preliminary  result 
was  sensitized  by  incrementally  upgrading  the  stockage  confi¬ 
dence  level  to  arrive  at  the  maximum  cost  effectiveness  ratio. 

An  80%  stockage  confidence  level  was  used  for  Figure  I.  The 
ORLA  and  the  GEMM  output  forms  a  portion  of  the  rationale  for 
this  LCC. 
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LIFE  CYCLE  COST  DISPLAY 


The  LCC  display.  Figure  -II- ,  is  a  summarization  of  all  cost 
expenditures  which  will  be  incurred  throughout  the  life  cycle 
of  the  LDNS.  The  life  cycle  being  defined  as:  The  RED  cost 
plus  Acquisition  costs  plus  ten  years  Operating  and  Mainten¬ 
ance  costs.  The  chart  is  structured  to  show  all  cost  elements 
time  phased  over  the  entire  life  cycle.  The  summarization 
indicates  the  yearly  totals  as  well  as  the  life  cycle  totals. 
Time  value  of  money  is  treated  separately  in  Figure  III  and 
indicates  the  projected  constant  1974  yearly  dollar  expendi¬ 
tures  at  their  yearly  escalated  costs  and  discounted  present 
value  costs  as  required  by  the  guidelines  in  Section  J.32  of 
the  contract. 

The  LCC  display  totals  agree  in  all  cases  with  the  GEMM  outputs 
with  the  addition  of  LRIP  Gages  and  Fixtures,  Item  Management 
and  First  Destination  Transportation  costs  which  are  not  pro¬ 
vided  for  in  the  model. 


$32,617,589. 
(GEMM  Output) 


$250,000.  LRIP  Gages  &  Fix. 
$960,120.  Item  Mgmt. 

$  8,033.  1st  Dest.  Trans. 


$33,835,742. 

(LCC  Display  Total) 


G&A  and  profit  breakdowns  have  not  been  delineated  in  the  display 
due  to  the  fact  that  some  of  the  cost  elements  are  functions  of 
the  GEMM  calculations  which  resulted  from  Government  input  cost 
factors.  Cost  elements  inputs  which  are  S-KD  prices  (i.e.  prime 
equipment,  test  equipment,  spares,  etc.)  are  shown  at  sell  value 
and  can  be  broken  down  by  using  the  following  percentage  factors, 
except  for  the  Research  and  Development  costs  which  are  explained 
in  the  display  reference  table. 


Item/Cost 


%  of  Sell  Price 


Remarks 


1.  Labor,  Material  &  Overhead  I  73.5467 


2.  GfcA 


3 .  Profit 


15.7390 


10.7143 


21.4%  additive  to 
Item  1. 

12.0%  additive  to 
Items  1  &  2. 
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LCC  DISPLAY  (BY  COMPONENT) 


COST  CATEGORIES/ELEMENTS 

LDNS 

SYSTEM 

RTA 

SDC 

CDU 

RESEARCH  t  DEVELOP. 

2530607 

- 

— 

SUB-TOTAL 

2530607 

INVESTMENT 

RECURRING 

ACQ.  (PRIME  EQUIP.) 

FIRST  DEST.  TRANS. 

SPARES  (INITIAL) 

SPEC  T/E 

25100000 

8033 

952392 

323461 

4919600 

1390 

186669 

71370 

6425600 

2201 

243812 

96335 

13754800 

4442 

521911 

155756 

SUB- TOTAL 

26383886 

5179029 

6767948 

14436909 

INVESTMENT 

NON-RECURRING 
&AGES  i  Flk.  (LRIP) 

DATA  PUBS.  COST 

TRAINING  (INITIAL) 

2500Q0 

516000 

308000 

59600 

53284 

214000 

84392 

242400 

170324 

SUB-TOTAL 

1074000 

112884 

298392 

412724 

OPERATION 

MAINT.  MANPOWER 

SPARES  (REORDER) 
TRANSPORTATION 

STD.  TEST  EQUIP. 

T/E  SUPPORT 

RETRAINING 

ITEM  MGMT. 

INVENTORY 

30873 

577526 

80327 

1373 

217636 

900000 

960120 

1079394 

5341 

113195 

13897 

238 

47880 

155700 

137160 

211561 

8459 

147847 

22010 

376 

64857 

246600 

487680 

276325 

17073 

316484 

44420 

759 

104900 

497700 

335280 

591508 

SUB-TOTAL 

3847249 

684972 

1254153 

1908124 

GRAND  TOTAL 

33835742 

5976885 

8320493 

16757757 

3TE:  Non  spread  items  (RtD,  GAGES  6  FIX.)  must  be  added  where  applicable 
to  obtain  sub-total  and  grand  total. 
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COST  SUMMARY  -  ESCALATED  ($) 


INVESTMENT  COST 


RECURR. 


EM1I 


77  1,074,000 

78 


5,385,562 

10,499,162 

10,499,162 


RECUR R. 


444,410 

278,090 

498,090 

358,091 

278,093 

498,093 

358,094 

278,096 

498,096 

358,096 


ANNUAL 

COST 


6,903,9: 

278,05 

10.997.25 

10.857.25 
278,05 
498,05 
358,05 
278,05 
498,05 
358,05 


ESCAL. 

FACTOR 


1.466 

1.531 

1.600 

1.672 

1.747 

1.826 

1.908 

1.994 


9,223, 

389, 

16,121, 

16,622, 

444, 

832, 

625, 

507, 

950, 

714, 


TOTAL  10  YR  COST  OF  OWN.  (ESCALATED)  46,433,577 

R&D  COST  2,530,607 


TOTAL  LIFE  CYCLE  COST  (ESCALATED) 


48,964,184 


COST  SUMMARY  -  DISCOUNTED  ($) 


YR. 

RECURR. 

RECURR. 

COST 

FACTOR 

ANNUAL  COST 

77 

1,074,000 

5,385,562 

444,410 

6,903,972 

0.954 

6,586,389 

78 

278,090 

278,090 

0.867 

241,104 

79 

10,499,162 

498,090 

10,997,252 

0.788 

8,665,835 

80 

10,499,162 

358,091 

10,857,253 

0.717 

7,784,650 

81 

278,093 

278,093 

0.652 

181,316 

82 

498,093 

498,093 

0.592 

294,871 

83 

358,094 

358,094 

0.538 

192,655 

84 

2’78,096 

278,096 

0.489 

135,989 

85 

498,096 

498,096 

0.445  - 

221,653 

86 

358,096 

358,096 

0.405 

145,029 

TOTAL  10  YR.  COST  OF  OWN.  (DISCOUNTED)  24,449,491 
_  R&D  COST  2,530,607 
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LCC  DISPLAY  REFERENCE  TABLE 

To  support  the  values  shown  in  the  LCC  display  (Figure  II), 
the  following  table  was  prepared  which  provides  the  Cost 
Element/  Remarks/Derivations  and  References.  Source  of  data 
and  approach  to  estimating  and  cost  distribution  are  included 
in  the  table. 


COST 

ESTIMATE 


Prime  Equip. 
Acquisition 


Spares  (Init. 
&  Reorder) 


REMARKS 


The  value  of  $2,530,607.  is  the 
current  contract  value.  It  includes 
G&A  and  profit. 

For  the  purpose  of  this  study, 
$25,100.  (DTUPC  Target)  was  used 
as  the  unit  cost  per  equip,  and  the 
acquisition  was  spread  over  the 
prod,  schedule.  A  configuration 
cost  breakout  is  provided  in  Figure 
IV  and  the  prod,  rate  schedule  and 
site  activation  plan  is  shown  in 
Figure  V. 

The  spares  costs  calculated  by  the 
GEMM  based  on  Component,  Module  and 
Part  Class  price  vs.  Maint.  Policy 
were  separated  into  Investment 
(Initial)  Cost  and  O&M  (Reorder) 

Cost.  The  Investment  cost  was  pro¬ 
rated  to  the  Prime  Equip.  Acquisition 
as  follows: 


REFERENCE 


Contract 

DAAB07-74- 

C-0487 

AMSEL-PP-C- 
ES-3  KO  Ltr 
#37 


Figure  V 


Year  Prime  Equip . 

1977  $  5,020,000. 

1979  10,040,000. 

1980  10,040,000. 


%  of  Total  Init.  Spares 

20%  $190,478. 

40%  380,957. 

40%  380,957. 


$25,100,000.  100% 


$952,392. 


Reorder  costs  and  Inventory  costs 
were  spread  equally  over  the  10  year 
O&M  period..  -  - 


p«aoi-i  x/n 


si 


COST 

ESTIMATE _ 

Test  Equipment 
.  Special 

.  Gagerf  &  Fixtures 
.  Standard 
.  Support 
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The  total  Test  Equip,  value  $542,470) 
calculated  by  GEMM  breaks  down  as 
follows : 

Special  T/E  (Field)  $187,480. 
Special  T/E  (Depot)  135,981. 

Std.  T/E  Charge  1,373. 

Support  (All)  217,636. 


REFERENCE 


Data  -  Pubs 


Training  (Initial 
6  Retraining) 


The  Special  T/E  (Field)  was  spread 
in  accordance  with  the  site  activa¬ 
tion  schedule  (20%  in  *77,  40%  each 
in  '79  and  ’80).  The  Special  T/E 
(Depot)  was  placed  in  the  initial 
year.  A  $250,000.  cost  for  LRIP 
Gages  and  Fixtures  was  also  placed 
in  the  initial  year.  Standard  T/E 
charges  and  all  T/E  support  costs 
were  spread  equally  over  the  10 
year  O&M  period. 

The  GEMM  output  of  $516,000.  was 
calculated  from  a  per  page  cost  of 
$400.  and  the  page  count  allocations 
devoted  to  E/I,  Component  and  Module. 
The  cost  was  placed  in  the  first  year 
of  operation  since  tech  pubs,  are  re¬ 
quired  prior  to  activation  of  the 
maintenance  site. 

Total  training  costs  were  spread 
exactly  as  allocated  by  GEMM.  See 
Figure  VI  for  cost  distribution. 

NOTEi  GEMM  output  for  training  costs 
from  Maint.  Policy  21/23  were 
used  for  the  LCC  since  Policy 
11/13  when  exercised  on  the  pro¬ 
gram  with  the  updated  (2121  hour) 
MTBF  completely  eliminates  Org. 
Level  Training.  Policy  21/23 
retains  Org.  Level  Training. 


Figure  IV-A 
&  V 


Figure  VI 
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COST 

ESTIMATE  REMARKS  REFERENCE 


Maint. 

Manpower 


The  GEMM  output  of  $30,873.  was 
spread  equally  over  the  10  year 
O&M  period. 


Spares  Reorder 


See:  Spares  (Initial  and 

Reorder) 


Transportation  The  GEMM  output  of  $80,327.  was 

spread  equally  over  the  10  year 
O&M  period. 


First  Destination  Transporta¬ 
tion  was  estimated  as  10%  of 
total  GEMM  transportation  out¬ 
put.  Covers  shipment  and 
packaging.  ($8,033.) 


Standard  T/E 
&  T/E  Support 

See : 

Test  Equipment 

Retraining 

See : 

Training  (Initial 
Retraining) 

and 

Item  Management 

Item  Management  costs  have 
been  added  to  the  total  LCC 

Figure  VII 

figure  provided  by  GEMM. 
Complete  rationale  for  the 
costs  (Intro.,  1st  year  and 
9  year  maint.)  appears  in 
Figure  VII.  All  Item  Mgmt. 
costs  were  shown  as  recurring 
under  the  O&M  period  per 
AMSEL-PP-C-ES-3 ,  XO  Ltr.  #37. 


Inventory 


See:  Spares  (Initial  and 

Reorder) 
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LDNS  CONFIGURATION  DIAGRAM 

INCLUDES:  COMPONENT/MODULE  IDENTIFIERS,  MTBF  6  UNIT  COST 


LDNS 

2121  HRS. 
$25,100 


RTA 

MTBF  ■ 

12 ,237HRS . 

II 

o 

£ 

$3,962 

MTBF  = 
U/C  » 

SDC 

7744KRS . 
$5,186 

2. 

1 

ANTENNA 

MTBF  *  225,225  HRS. 
U/C  *  $735 


MICROWAVE  COMP. 

MTBF  =  17,781  HRS . 
U/C  =  $1,595 


ANT.  ELECTRONICS 
MTBF  «  53,163  HRS . 
U/C  >=$394 


FRAME 

MTBF  *  448,430  HRS  . 
U/C  -  $601 


POWER  SUPPLY 

MTBF  =  25,100  HRS. 
U/C  «=  $919 


LEF 

■MTBF  =  53,248  HRS. 
U/C  =  $758 


FREQ;  TRACKER 
MTBF  =48,263  HRS . 
U/C  »  $857 


TIMER/INTERFACE 
MTBF  =  37,608  HRS. 
U/C  -  $951 


A/D  CONVERTER 

MTBF  =  56,433  HRS. 
U/C  =  $879 


.149  HRS. 
3 


MTBF  =3838  HRS 
U/C  =  $11,116 


NUMERIC  DISPLAY 

-MTBF  =  77,700  HRS. 
U/C  =  $1656 


39,777  HRS. 
$1321 


ALPHA  DISPLAY 
MTBF  =  70,522  HRS. 
U/C  =  $431 


3.5 


POST  REGULATOR 

MTBF  =32,658  HRS. 
U/C  =  $537 


MTBF  =  48 ,193HRS. 
U/C  =  $2274 


RAM/ROM  MEMORY 

-MTBF  =  48,286  HRS. 
U/C  =  $1794 


IDENTIFICATION  t  ANNUAL  OWNERSHIP  COST  OF  TEST  EQUIP 
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deliveries.  All  levels, 
though  they  may  not  be  i 
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ITEM 


TOTAL  UNIQUE 
PARTS  PARTS 


ITEM  MANAGEMENT 

"P "TYPE  NEW 

ITEMS  "P"TYPE 
ITEMS ' 


CODE  IDENT  NO. 


INTRO  1ST  YEAR 
COST  COST 
$530  ’$770 


88818 


9  YR 

KAINT  TOTAL 
$420x9=  10  YEAR 
$3780  '  COST 


RTA 


ANT. 

8 

8 

8 

6 

3180 

4620 

22680 

30480 

M'WVE  COMP. 

3 

3 

3 

3 

1590 

2310 

11340 

15240 

ANT.  ELEC. 

104 

34 

30 

13 

6890 

10010 

49140 

66040 

FRAME 

7 

7 

7 

5 

2650 

3850 

18900 

25400 

SDC 

PWR  SUPPLY 

101 

34 

30 

13 

6890 

10010 

49140 

66040 

POST  I.F. 

158 

52 

46 

20 

10600 

15400 

75600 

101600 

FREQ  TRACK. 

213 

70 

62 

26 

13780 

20020 

98280 

132080 

TIM/INT ’ FCE . 

126 

42 

40 

16 

8480 

12320 

60480 

81280 

A/D  CONV. 

110 

36 

32 

14 

7420 

10780 

52920 

71120 

CHASSIS 

16 

16 

12 

7 

3710 

5390 

26460 

35560 

NUM.DISP. 

73 

24 

21 

9 

4770 

6930 

45720 

I/O 

72 

24 

21 

9 

4770 

6930 

34020 

45720 

ALPHA  DISP. 

40 

13 

11 

5 

2650 

3850 

18900 

25400 

POST  REG. 

103 

34 

30 

13 

6890 

49140 

66040 

CPU 

108 

36 

32 

14 

7420 

52920 

71120 

RAM/ROM 

78 

26 

23 

10 

5300 

7700 

37800 

50800 

CHASSIS 

51 

17 

15 

6 

3180 

4620 

22680 

30480 

TOTALS 

1371 

476 

423 

189 

100170 

145530 

714420 

960120 

NOTE:  "TOTAL  PARTS"  quantity  does  not  include  standard  hardware  type  items 

(i.e.  screws,  washers,  nuts,  etc.)  or  structural  (non-"P")  item's. 
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DESIGN  &  MAINTENANCE  ALTERNATIVES 


The  design  and  maintenance  alternatives  addressed  in  the 
previous  submittal  of  this  document  have  been  implemented 
and  their  impact  relative  to  cost  has  been  assessed  and 
included  in  this  analysis. 


RISK  &  UNCERTAINTY 


Significant  cost  driving  parameters  such  as  MTBF  and  spares 
stockage  levels  were  analyzed  and  presented  in  Singer-Kearfott's 
Optimum  Repair  Level  Analysis  Document  Number  Y258A290  Revision  A. 
MTBF  was  sensitized  from  500  hours  to  1600  hours  and  the  ORLA 
reflects  the  cost  changes  associated  with  each.  Spares  stockage 
was  analyzed  at  each  maintenance  level  with  the  resultant  recommen¬ 
dation  showing  spare  LRU's  at  the  Direct  Support  -Level  in  lieu  of 
the  Organizational  Level. 


QUANTITY -PRICE  RELATIONSHIP 


The  Quantity  -  Price  Relationship  Chart,  Figure  VIII,  represents 
a  projection  of  system  per  unit  prices  based  on  quantities  of 
200  or  560  or  1,000  or  5,000  or  10,000.  Detailed  resource 
labor  and  material  estimates  were  developed  by  our  Estimating 
Methods  and  Production  Engineering  personnel  for  quantities  of  200, 
560  and  1,000  systems.  These  prices  were  then  increased  by 
developing  the  factor  from  the  resource  estimate  for  1,000  quantity 
to  the  $25,100  per  unit  price  and  factoring  the  resource  estimated 
prices  for  200  and  560  accordingly. 


The  prices  for  the  quantities  of  5,000  and  10,000  were  developed 
by  extending  the  curve  from  the  1,000  quantity  on  the  same  slope 
(88%). 
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